Objective: To prospectively study the relation between TSH and risk of hip and forearm fractures. Design: A population-based cohort study. Methods: In a substudy of the second survey of the Nord Trøndelag Health Study, Norway (HUNT2, 1995-97), linked with a hospital-based fracture registry, we investigated the relation between baseline TSH and risk of hip and/or forearm fractures. Population: A total of 16 610 women and 8595 men aged 40 years or more, without previous self-reported thyroid disease and hip or forearm fractures. Results: During 12.5 years follow-up, a total of 1870 women and 342 men experienced hip or forearm fractures. Overall, there was no relation between baseline TSH and fracture risk. However, there was weak evidence that women with TSH !0.5 and O3.5 mU/l had a slightly increased risk of hip fractures (hazard ratio (HR) 1.30, 95% CI 0.97-1.94 and HR 1.19, 95% CI 0.93-1.52) compared with the reference group with TSH of 1.5-2.4 mU/l. Supplementary analyses showed higher hip fracture risk in women with TSH O4.0 mU/l and negative thyroid peroxidase antibodies (TPOAb) compared with the reference group (HR 1.75, 95% CI 1.24-2.46). Conclusion: We found no statistically significant relation between baseline TSH and subsequent fracture risk, but the data suggest a weak positive association with hip fracture risk among women with both low and high TSH. The latter association was confined to women with negative TPOAb status.
Introduction
Thyroid dysfunction is prevalent, affects more women than men, and the incidence increases with age (1) . In the Norwegian HUNT2 study, the prevalence of formerly diagnosed hypothyroidism was 4.8% in females and 0.9% in males, whereas 2.5% of women and 0.6% of men had formerly diagnosed hyperthyroidism (1) . Mainly through effects on nuclear receptors, but also through non-genomic mechanisms, thyroid hormones affect every organ system in the human body (2) . Overt thyroid dysfunction has especially unfavorable effects on the musculoskeletal, circulatory and nervous organ systems (2) . Similar but weaker influences have been reported in subclinical thyroid dysfunction (3) .
Thyroid dysfunction could seemingly influence fracture risk by increasing the risk of falling or by weakening the bone strength. Hypothyroidism is a risk factor for falls in elderly individuals (4) , and hyperthyroidism has for more than a century been known as a risk factor for osteoporosis (5) . Both overt hypothyroidism and hyperthyroidism have been associated with increased risk of fractures in previous studies (6, 7, 8, 9, 10, 11, 12, 13, 14) . Other studies have reported that fractures are more common in persons with subclinical thyroid dysfunction (15, 16) , and some have found fracture incidence to increase by decreasing thyroid-stimulating hormone (TSH) within the reference range (13, 17, 18) . However, the results of these and other studies are inconsistent (7, 13, 14, 19, 20) . A few studies have investigated the importance of autoimmunity in thyroid disorders for fracture risk, but the results are inconclusive (21, 22) . Hence, the effect of thyroid function on fracture risk is not clear.
In this prospective population-based study of more than 25 000 individuals, we have examined whether thyroid function measured as serum TSH was associated with the risk of subsequent hip and/or forearm fractures.
Subjects and methods

Subjects
Between 1995 and 1997, all inhabitants in the NorthTrøndelag County in Norway, aged 20 years or older, were invited to the second wave of the Nord-Trøndelag Health Study (HUNT2) (23) . A total of 65 237 persons (69.5% of the invited) participated. The participants filled in questionnaires on a range of lifestyle and health-related topics. They also underwent a clinical examination that included anthropometric measures, and a non-fasting blood sample was drawn. TSH was measured in all women aged 40 years or older and in a 50% random sample of men of similar age (1) . Based on the questionnaire information, we excluded 2855 persons with previous or current thyroid diseases (hypothyroidism, hyperthyroidism, goitre or other thyroid diseases) or related treatment (levothyroxine, carbimazole, thyroid surgery or radioiodine therapy). We also excluded 4395 persons who reported previous hip and forearm fractures or were registered with a fracture before baseline. In addition, 429 persons were excluded due to incomplete information on smoking status and BMI. This left a total of 16 610 women and 8595 men for the statistical analyses (Fig. 1) .
Thyroid function tests
Serum TSH was measured in blood samples drawn at any time of the day and analyzed by DELFIA hTSH Ultra (Wallac Oy, Turku, Finland) at the Hormone Laboratory, Aker University Hospital, Oslo, Norway. The assay had a sensitivity of 0.03 mU/l and total analytic variation !5%. Based on previously reported data from HUNT2, the reference range for TSH in this study was 0.5-3.5 mU/l (1). We grouped the participants into five categories based on TSH level: three categories within the reference range (0.5-1.4, 1.5-2.4 and 2.5-3.5 mU/l), one category below (!0.5 mU/l), and one category above the reference range (O3.5 mU/l). The 1.5-2.4 mU/l category was used as reference in order to reduce the number of individuals with incipient hyperthyroidism in the reference category.
If TSH !0.20 mU/l, free thyroxine (FT 4 ) and total triiodothyronine (T 3 ) were measured, and if TSH O4.0 mU/l, FT 4 and thyroid peroxidase antibodies (TPOAb) were measured. After HUNT2, subjects with TSH !0.20 mU/l or above 5.0 mU/l, or TSH above 4.0 mU/l with low FT 4 or elevated TPOAb levels were informed by letter and recommended to consult their general practitioner (GP) for follow-up.
Follow-up and fracture recording
Information on death and emigration from the county was obtained from the National Population Register. Person-years were calculated from the date of participation in HUNT2 until the date of fracture, death, emigration from the county, or end of follow-up (31st December 2008), whichever occurred first.
From the Patient Administration System (PAS) at the two hospitals in North-Trøndelag County (Namsos Hospital and Levanger Hospital), we identified i) all treated forearm and hip fractures and ii) all clinical controls of such fractures between 15th August 1995 and 31st December 2008. Virtually all fractures in North-Trøndelag County are treated at these two hospitals. For patients with a fracture diagnosis or fracture-related procedure code in PAS, the fracture diagnosis was retrospectively validated by specially trained medical doctors, health secretaries and nurses by evaluating the patients' medical records. Until 1st January 1999, the hospitals utilised ICD-9 and the third version of the national classification of surgical Until 31st December 2002, we also had information about fractures from X-ray evaluations at the two hospitals. As this information was not available during the whole follow-up period, these additional data were merely used in sensitivity analyses. At the radiology departments at the hospitals, the X-ray pictures and their evaluations were classified and stored according to the region they depicted. All X-ray evaluations from the regions of interest were checked, and whenever they indicated a fracture, this was validated in the person's medical record. Until 31st December 2002, there were 1148 fractures registered from either PAS or X-ray descriptions, of which 110 (9.6%) were registered in PAS only, as well as 110 (9.6%) that were registered in X-ray descriptions only.
All ulnar and radial forearm fractures and all hip fractures including the subtrochanteric area were included. Pathological and avulsion fractures were excluded. We had no information on fracture mechanisms (low-energy or high-energy fractures). Because (forearm) bone mineral density (BMD) was only measured in selected subgroups in HUNT2, we did not include BMD data in our analyses.
Statistical analyses
The analyses were performed on forearm and hip fractures separately and combined. When combined fractures were studied, the first fracture (hip or forearm) was counted as an event. When the sites were studied separately, the first site-specific fracture was the event (e.g. when studying hip fractures, subjects were not censored due to a forearm fracture). All main analyses are based on fracture data obtained from PAS and verified in the medical records.
We used Cox proportional hazard model to estimate adjusted hazard ratio (HR) for fractures by baseline TSH included as continuous variable within the reference range, as well as in the five categories.
Many participants with thyroid dysfunction were probably treated shortly after the survey. As a large Danish population-based case-control study found an increased fracture risk within 5 years after the diagnosis of hyperthyroidism (12), we performed a sub-analysis where follow-up was restricted to 31st December 2002. In other sub-analyses, we investigated i) whether there was any difference in fracture risk in participants with overt hypothyroidism or hyperthyroidism compared with euthyroid subjects and ii) whether fracture risk differed depending on TPOAb status (negative/positive) among participants with TSH O4 mU/l. All associations were adjusted for age (10-year categories), BMI (gender-specific quintiles, kg/m 2 ) and smoking status (never, former, current). In supplementary analyses, we also assessed potential confounding by self-esteemed health status, health problems limiting leisure activities, recreational physical activity, postmenopausal use of systemic oestrogens and menopausal status (age at menopause was set to 51 years if no information was available). However, adjustment for these additional variables had minimal effect on the estimates, and they were not included in the final analyses.
All analyses were stratified by gender. Violation of the proportional hazard assumption was assessed by visual inspection of log-log plots.
Precision of the estimated associations was assessed by a 95% CI. All statistical tests were two-sided, and all analyses were conducted using SPSS version 18.0.
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Results
Among 16 610 women, 1870 (11.3%) had a first hip or forearm fracture, 778 (4.7%) had a first hip fracture and 1192 (7.2%) a first forearm fracture. Among 8595 men, 342 (4.0%) had a first hip or forearm fracture, 228 (2.7%) a first hip fracture and 124 (1.4%) a first forearm fracture. The median follow-up time was 12.5 years, and the median age for the first hip fracture was 81 years (inter quartile range (IQR) 75-86) for both genders, whereas the median age for forearm fractures was 68 (IQR 58-77) years in women and 65 (IQR 56-76) years in men. The baseline characteristics of the study group are given in Tables 1 (women) and 2 (men). No violations of the proportional hazard assumption were observed.
We did not find any clear association between TSH and fracture risk in hip and/or forearm in the adjusted analyses (Tables 3, 4 (Table 4) .
In additional analyses we assessed the linear relation between TSH and risk of fractures, using TSH within the reference range as a continuous variable in the regression model. For each mU/l increase in TSH, the combined fracture HR was 0.96 (95% CI 0.89-1.03) in women and 0.90 (95% CI 0.76-1.06) in men. These associations were largely similar when forearm and hip fractures were studied separately (data not shown).
Among the 946 women with TSH O4.0 mU/l and TPOAb data (negative/positive), the HR for hip fractures in TPOAb-negative women was 1.87 (95% CI 1.11-3.16) compared with TPOAb-positivewomen, and 1.75 (95% CI 1.24-2.46) compared with women with TSH in the reference group (1.5-2.4 mU/l).
There were 16 fractures in 154 participants with overt hypothyroidism and ten fractures in 58 with overt hyperthyroidism. The fracture risk was not statistically significantly different from the risk among euthyroid participants (data not shown).
Results from supplementary analyses restricted to follow-up until 31st of December 2002 remained largely similar, indicating little bias by treatment of thyroid dysfunction initiated after baseline. We performed three additional sensitivity analyses: i) the analyses were performed using all fractures, registered either by PAS or from X-ray evaluations; ii) the analyses were restricted to individuals R65 years of age; and iii) the analyses were done without BMI as a covariable. However, the results were in principle the same as in the main analyses (data not shown).
Discussion
In this large population-based prospective study, we did not find any clear relation between baseline TSH and subsequent risk of forearm fracture. There was some weak evidence of increased risk of hip fracture in women with TSH !0.5 and O3.5 mU/l. Among persons who had their TPOAb measured, i.e. the participants with TSH O4.0 mlU/l, the hip fracture risk was higher in TPOAb-negative than in TPOAb-positive women. This is one of the largest population-based prospective studies on the relation between thyroid function and fracture risk. We included men in our study, whereas many similar studies exclusively report female data. The registration of incident fractures at both hospitals in the county should ensure minor loss to follow-up.
Our study has some limitations. Blood samples were drawn at any time of the day, and we had no information on factors (e.g. vigorous physical activity, shift work, acute diseases) known to influence thyroid function (24) . A pathological TSH will often normalise spontaneously, but we measured TSH only once (25, 26) . Further thyroid data (FT 4 , T 3 , TPOAb and TSH receptor antibodies (TRAb)) on all participants would have enabled a better classification of the study population. We were not able to distinguish between low-and high-energy fractures. A low BMD is likely less important in high-energy fractures. A recent study from Southern Norway has classified 5% of distal radius fractures in women and 29% in men above 49 years of age as high-energy fractures (27) . All these limitations may potentially weaken the associations.
We only had X-ray verification of fractures until 2003, but a sensitivity analysis utilising fracture data from X-ray descriptions did not change the estimates. As the effect of thyroid function on BMD may, at least partly, be mediated through BMI, the role of BMI as a confounder could be questioned (28) . However, exclusion of BMI from the models did not change the estimates. Moreover, the absolute number of participants with overt hypo-and hyperthyroidism was small, reducing the power to detect differences between these groups and euthyroid subjects. We had no information on vertebral fractures and could therefore not examine whether thyroid dysfunction may be associated with increased risk of such fractures, as suggested by some studies (7, 17) . Thyroid function could influence fracture risk both by increased risk of falls and by reduced BMD. Hypothyroidism is a risk factor for falls (4) , and hyperthyroidism is a risk factor for osteopenia and osteoporosis (29, 30) . A cross-sectional study in this cohort found a lower BMD among participants with TSH !0.5 mU/l, but did not show any relation between TSH and BMD above this TSH level (31) . However, some studies report a positive relation between TSH in the normal range and BMD (32, 33, 34) , and there have even been studies that report an association between elevated TSH and low BMD (35, 36) .
Although several studies have investigated the relation between thyroid function and fracture risk, they differ on fracture site(s) under study and the way of assessing thyroid status (self-reported disease vs biochemical measurement of TSH and/or thyroid hormones). Albeit often used in epidemiologic studies, self-reporting is less reliable than laboratory measurements (37) . Most studies report hyperthyroidism to be a risk factor for fractures (6, 7, 8, 9, 11, 12) , and even subclinical hyperthyroidism has been associated with increased fracture risk (13, 14) . Moreover, studies have reported increased fracture risk related to hypothyroidism (6, 10, 12) as well as to differences in thyroid function within the reference range (13, 17, 18) . However, especially outside the hyperthyroid range, no relation between levels of thyroid function and fracture risk has also frequently been reported (7, 13, 14, 20) , and there is even one study where self-reported previous hyperthyroidism appeared to decrease foot fracture risk (19) .
Treatment for thyroid dysfunction has been reported to reduce fracture risk (10, 12) . Subjects with indications of pathological thyroid function in HUNT2 were recommended to consult their GP. At the time of HUNT2, many experts advocated liberal treatment of subclinical thyroid dysfunction (38) , so most participants with overt and many with subclinical thyroid dysfunction were probably put on treatment shortly after HUNT2. This is different from most studies discussed above. Our results could indicate that at least thyroid dysfunction that is recognised and treated should be of minor importance for fracture risk.
To our knowledge, no previous study has examined the role of TPOAb status on the association between thyroid function and fracture risk. However, recent studies have reported TRAb to have an effect on bone independent of TSH and thyroid hormones (21, 22) . This raises the hypothesis that the aetiology of thyroid dysfunction may be of importance for bone health, but it needs confirmation in other studies.
In conclusion, our results showed no statistically significant relation between baseline TSH and fracture hazard during a mean follow-up of 12.5 years, albeit the data hinted a slightly increased hip fracture risk among women with low and high TSH. For patients with thyroid dysfunction, increased risk of non-vertebral fractures should be of limited concern as long as the dysfunction is followed up and treated according to updated guidelines.
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